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INTRODUCTION
Today, 30-40% of all new chemical entities (NCE) agree to from poor aqueous solubility, hence the enhancement of the solubility of the poorly water soluble drug is the one of the most challenging part of modern drug development [1] [2] . Among the wide variety of parameters those delay the development of pharmaceutical products and restricts the bioavailability of oral products, solubility is the most important parameter for the formulation scientists [3] [4] [5] [6] [7] . Amorphous solid do not have ordered internal structure and do not melt at a definite, sharp melting point. With increase of temperature, it slowly softens, becomes less viscous and melts over a range of temperature [8] [9] [10] . They unlike from crystalline solids in that, they tend to flow, when subjected to sufficient pressure over a period of time. Amorphous solids are not solids in genuine sense; truly they are super cooled liquids. Solubility process depends on the bonding linking the solute and solvent molecule. In solubility bonds involve in solubilization are mainly dipole-dipole interactions, london forces, hydrogen bonding, ionic bonding etc [11] [12] [13] . Dissolution takes place, when the solvent is able to pull ions out of their crystal lattice or structure.
The approach for BCS Class 2 drugs, having dissolution limitations but no permeation limitation, is to increase the amount of dissolved drug molecules at the absorption site. MLX is 4-hydroxy-2-methyl-N-[(5methyl-1, 3-thiazol-2-yl)-2H-1,2-benzothiazine-3-carboxamide-1,1-dioxide. It is a COX-2 inhibitor used to treat joint diseases such as osteoarthritis, rheumatoid arthritis and other musculoskeletal disorders. It is practically insoluble in water and its solubility increases significantly with an increase in pH. The enhancement of oral bioavailability of poorly water soluble drugs remains one of the most important aspects of drug development although salt formation, solubilization and particle size reduction have commonly been used to increase the dissolution rate and thereby oral absorption and bioavailability of such drugs. The several methods employed to enhance the drug solubility such as melt solidification, freeze drying, spray drying, melting and quench cooling, melt extrusion, milling, wet granulation and desolvation have been reported to successfully prepare a disordered, high energy and unstable amorphous forms of drugs [14] [15] [16] [17] .
Melt solidification technique was used, drug goes crystalline to amorphous form, may increase the dissolution rate and solubility. It is an important process to control the transition from liquid into solid phase to obtain product in an appropriate form for their transport, storage and subsequent use. This method is an economical process, using the smallest and simplest equipment possible [18] [19] [20] . The transformation of a melt into a solid with a certain appearance and specific physical properties is an important operation in pharmaceutical industries. The solidification influence properties of the solidified melt such as shape, size, crystalline structure, and hardness. Amorphous solids are high energy states containing no long range order and presenting molecular arrangements similar to that of liquids [21, 22] . Thermal glass transition (Tg) is frequently used as a benchmark, when assessing the likely stability of a formulation as a function of temperature and/or other storage conditions, that can affect Tg, and it is well known that both chemical and physical instabilities of both the drug and carrier are typically more pronounced above Tg compared to below Tg [23] .
The MLX mechanism of action, like that of other NSAIDs, may be related to prostaglandin synthetase (cyclo-oxygenase, selective COX-2 inhibitor) inhibition, which is involved in the initial steps of the arachidonic acid flow, resulting in the reduced formation of prostaglandins, thromboxanes and prostacyclin. Soluplus is a polyvinyl caprolactams polyvinyl acetate-polyethylene glycol graft co-polymer, solubiliser with an amphiphilic chemical structure, which was particularly developed for solid solutions [24, 25] . Due to its bifunctional character, it is able to act as a matrix polymer for solid solutions on the one hand, and the other is capable of solubilizing poorly soluble drugs in aqueous media. The amorphous system of MLX and soluplus was prepared by the process of melt solidification technique, so as to enhance the solubility, dissolution and bioavailability in the present investigation.
RESULTS AND DISCUSSION

Characterization of MLX
The MLX was found to be pale yellow, odorless crystalline solid, which complies with I.P. monograph. Melting point of MLX was determined by capillary method and observed range between 251-254°C. FTIR studies revealed that the fundamental peaks of MLX were retained in the physical mixture indicating absence of any chemical interaction between MLX and excipients used. Thus, these excipients were used in the MLX amorphous system. From the FTIR studies, it can be revealed that the principal peaks of the pure drug MLX were retained in the physical mixture was almost identical. The characteristics peak of the hydroxyl group (OH stretching) at 3282.84 cm -1 , a band peak at 3327.21 cm -1 owing to amino group (N-H stretching), the characteristics peak of the carbonyl group (C=O stretching) present in the aldehyde at 1730.15 cm -1 , a stretching (S=O) sulfur at 1049.33 cm -1 shows in Table 1 . An overlain spectrum of pure MLX and physical mixture is shown in Figure 1 . 
Calibration curve in distilled water
The calibration curve of pure MLX was found to be linear in the concentration range of 10-50 μg/mL at 362 nm. i.e. the drug obeys Beer-Lambert's law in the range of 10-50 μg/mL. The absorbance values at different concentration obtained by UV double beam spectrophotometer (Jasco V630) are shown in Table 2 . Using absorbance and concentration data the calibration curve was plotted as shown in Figure 2 . Table 2 . Absorbance data of MLX in distilled water.
Sr. No.
Concentration in μg/mL Absorbance at 362 nm 
Calibration curve in phosphate buffer pH 6.8
The calibration curve of pure MLX in phosphate buffer pH 6.8 was found to be linear in the concentration range of 10-50 μg/mL at 362 nm which shown in figure 3. Concentration and absorbance data for calibration curve was shown in Table 3 . Calibration data of MLX in phosphate buffer pH 6.8 is shown in Table 4 . Table 3 . Absorbance data for MLX in phosphate buffer pH 6.8.
Sr. No.
Concentration (μg/mL) Absorbance at 260 nm 
Solubility of MLX
The results of the solubility study reveals that pure MLX has shown highest solubility in phosphate buffer pH 6.8 as compare to distilled water shown in Table 5 . The solubility of MLX showed 0.025 mg/mL & 0.040 mg/ml in distilled water and phosphate buffer pH 6.8 respectively. 
UV absorption spectra
Solution of MLX was prepared in phosphate buffer pH 6.8 and scanned from 200 nm to 400 nm wavelength using UV visible spectrophotometer found to be 362 nm shown in 
Formulation of MLX amorphous system
Selection of MLX and soluplus proportions for trial batches
Evaluate the various concentrations of MLX and soluplus for different ratios. The ratio was used 1:0.25, 1:0.50, 1:0.75, 1:1, 1:1.25, 1:1.50 (MLX:soluplus) results observe less solubility of amorphous system. As per literature and as the ratio of 1:1, 1:0.50, 1:2, 1:2.5, 1:3, 1:3.5, 1:4 was used as further development of formulation. The solubility results of MLX amorphous system 0.252 mg/mL were shown in Table 6 . 
Preparation of MLX amorphous system
The MLX amorphous system was prepared by using soluplus in proportions of 1:1, 1:1.5, 1:2, 1:2.5, 1:3, 1:3.5, 1:4 (MLX:soluplus). The drug and polymer were triturated in dried mortar for 5 min and this mixture was melted, converted aqueous phase, then quench cooling to converted glassy state by trituration to amorphous form. Preparations ratios as shown in Table 7 . 
Characterization of MLX amorphous system
Saturation solubility of MLX amorphous system
The optimized batch MS7 showed highest solubility in water (0.451mg/mL), as compared with pure MLX (0.025mg/mL), which was 18-fold greater than pure MLX respectively and formulation of amorphous system has also shown to enhance the solubility in water. Thus, solubility of formulations was improved 18.56 fold compared to pure MLX. The improvement in solubility of MLX amorphous system is shown in Table 8 . 
In vitro dissolution studies
In vitro release profile of all MLX amorphous system formulations in phosphate buffer pH 6.8 were shown in Figure 5 . MLX amorphous system was showed significantly higher % drug release as compared with all batches of formulation. The cumulative percentage release of optimized batch MS7 was observed 96.83%. The interaction between MLX and soluplus for the optimized batch MS 7, the soluplus ratio increase as compare with pure MLX results for an enhancement of dissolution. The best fit model of optimized batch (MS 7) was zero order model, showing the %drug release 96.83% and R 2 0.9904 shown in Table 9 . Figure 6 . FTIR of MLX. Peak observed at 3327.21 cm -1 was attributed to N-H stretching. Peaks at 1049.33 cm -1 was attributed to presence of sulfur band, 3282.84 cm -1 attributes to O-H (phenol) stretching, peaks at 2978.09 cm -1 attributed to C-H stretching, O-H stretching and S=O amide stretching respectively as shown in Figure 6 and Table 10 . As the peak intensity, OH(phenol) of MLX is more intense, when compared to optimized batch formulation. As a result, hydrogen bonding between drug and optimized batch MS 7 showing hydrophilicity increases as shown in Figure 7 and Table 11 . The DSC of MLX was showing a sharp endothermic peak at 261.8°C, which indicates its melting point and the sharp peak indicates its crystalline nature.
DSC can be used to investigate and predict the changes in crystalline form of the drug. Figure 8 & 9 shows the results of the MLX pure drug and the formulation (MS7). The pure drug exhibited a large and sharp endothermic peak at 261.8°C indicating the near to melting point. DSC thermogram of optimized batch (MS7) showed an endothermic peak at 191.9°C described shifting the peak as compared MLX. However, the endothermic peak of MLX shifted about the left due to reduction of the crystal sizes. Besides this, no additional peaks were found to demonstrate the significant changes in the melting characteristics of MLX in the formulation indicating no polymorphic changes in the MLX. The peaks were found to be nearly identical, with a calculated enthalpy (ΔH) of pure drug and optimized batch were 122 J/g, and 22.8 J/g respectively. 
Powder x-ray diffraction microscopy studies
PXDM studies results of MLX shows that intense peaks at 15.5, 22.1, 22.5 degree theta. The intensity of these peaks were high, thus MLX was found to be crystalline in nature as shown in Figure 10 . Amorphous system of (optimized batch MS7) showed peaks at 13.10, 14.5, 19.5, 21.9, 22.7, 24 .21 with less intensity as compare to pure MLX. This indicates that MLX crystallinity was decreased.
Glass transition temperature (Tg)
The glass transition temperature of amorphous samples was predicted theoretically using the Gordon-Taylor equation (1) Theoretically the glass transition temperature of the mixture has increased significantly to such an extent, it can be concluded that the mixture will be stable at room temperature, thus improving processing properties of both the drugs.
% Crystallinity study
The percentage of crystalline material, present in the samples were calculated, by using equation (3).
Where, ΔH is the melting enthalpy of the amorphous sample, ΔH is the Enthalpy of melting of proportional 100% of pure crystalline drug.
The % crystallinity of MLX in amorphous sample was 18.60%, which indicates significant decrease in crystallinity of MLX in amorphous system as shown Table 12 . 
Scanning electron microscopy
Surface morphology of the formed crystals were determined by using SEM. The result reveals that the crystalline nature of all the formulations remains with slight change in crystallinity. The SEM images and particle size distributions and its morphology of the MLX amorphous system was presented in Figure 11 . Amorphisms were found to be crumbling in shape with a narrow particle size distribution. 
Acccelerated stability studies
In vitro dissolution studies
In vitro dissolution studies after first to three month of stability studies in the phosphate buffer pH6.8 media shows very slight decrease in the drug release, thus indicating that the formulation was stable up to three months as shown in Figure 12 . 
Differential scanning calorimetry studies
DSC thermogram and % crystallinity after 3 month were shows slight increase in enthalpy and changes in the melting point. The % crystallinity of MLX after 3 months was 16.4%, which confirmed that MLX was stabilized shown in Figure 13 . 
Powder x-ray diffraction microscopy studies
PXDM studies of the MLX showed increases in intensity of the peaks. The decrease in intensity of peak in amorphous form of optimized batch after 3 month stability studies, amorphous sample as shown in Figure 14 . Thus, amorphous sample was found to be stable after three months of accelerated stability studies. 
CONCLUSION
It can be concluded that improvement in the solubility and dissolution of the water insoluble drug MLX was a successfully achieved through using melt solidification technique. The amorphous system increased solubility of MLX by 18.4 folds, % drug release was 96.83% within 120 minutes, as compare pure MLX showed 25.54%. FTIR-spectrophotometry studies showed that shift in the peaks of MLX. The shift during peaks were due to hydrogen bonding between drug. PXDM & DSC studies of amorphous sample shows endotherms with less enthalpy, which indicates that drug possesses less crystallinity as compared to pure MLX and the decrease in melting point was due to molecular interaction between drug and polymer. The % crystallinity of MLX in amorphous sample was 18.60%, which indicates significant decrease in crystallinity of MLX in amorphous system. Accelerated stability studies, showed slight changes in the PXDM and DSC results of amorphous sample thus confirming stabilization of MLX.
MATERIALS AND METHODS
MLX drug was procured from Zydus Hetero drugs Ltd. Hyderabad, India, soluplus was obtained as a gift sample from BASF Corporation, Mumbai, India. All other chemicals were of analytical grade.
Preparation of amorphous system
The amorphous system of MLX and soluplus was prepared by the process of melt solidification technique. This technique of pure MLX and soluplus mixture of different proportion of both the drug and polymer was carried out. The MLX was prepared by using polymer (soluplus) in proportions of 1:1, 1:1.5, 1:2, 1:2.5, 1:3, 1:3.5, 1:4 (drug:polymer) as shown in table 13. The drug and polymer triturated in dried mortar for 5 min. and mixture was melted, converted aqueous phase and quench cooling to glassy state using mortar and pestle, triturate to amorphous form of mixture [26, 27] .
Evaluation of amorphous system
Saturation solubility
Weighed amount of MLX (pure drug) 10mg and the amorphous system equivalent to 10 mg of the drug were separately introduced into 25ml stoppered conical flasks containing 10ml distilled water, phosphate buffer pH 6.8. The sealed flasks were agitated on a rotary shaker for 48 h at 37°C and equilibrated for 2 days. An aliquot was passed through 0.45µm membrane filter and the filtrate was suitably diluted and analyzed for drug content by using UV Spectrophotometer at 362nm wavelength.
In vitro drug release studies
In vitro dissolution kinetics of MLX was carried out by using USP Type-II dissolution test apparatus. The dissolution medium was used about 900 ml of distilled water and phosphate buffer pH 6.8 and temperature maintained at 37.5±0.5°C and speed kept constant at 100 rpm. Samples (5 mL) were withdrawn at predetermined time intervals, immediately replaced with fresh dissolution medium and analyzed for MLX content by using UV Spectrophotometer at 362nm wavelength after suitable dilution. Percent of MLX dissolved at various time intervals was calculated from the regression equation generated from the suitably constructed calibration curve.
Crystallinity and thermal studies
FTIR, PXRD and DSC studies has been extensively used for the study of % crystallinity, glass forming abilities-glass transition (Tg) and other thermal events at microscopic level studies of melt solidification of individual drug samples.
Fourier transform infrared spectrophotometry studies
FTIR spectrum shows the fundamental peaks corresponding to the chemical nature of the drug and excipients. FTIR spectrophotometry studies were carried out in order to determine any possible interaction among drug and excipients used. Samples prepared in KBr discs were subjected to FTIR recording on FTIR spectrophotometry (Jasco-V-530 model) instrument. Data were collected over a spectral range of 4000 to 400 cm -1 . Spectra were recorded over the wave number 400-4000 cm -1 . Infrared spectrums of pure drug and optimized batch were recorded.
Powder x-ray diffraction microscopy studies
This technique allows amorphous and crystalline materials to be differentiated. Crystalline materials display many diffraction bands, whereas amorphous compounds present a more or less regular baseline. PXDM patterns of individual drug samples were obtained by Philips X-ray diffractometer, PW-3710, Holland, using Cu Kα radiation (λ = 1.5405 Å) at voltage of 40 kV, and 30 mA current. The data recorded over a range of 10° to 50° at a scanning rate of 5×103 cps using a chart speed of 5 mm/2°.
Differential scanning calorimetry
The DSC, thermal analysis measures a physical property of a substance as a function of temperature. Crystalline transitions, fusion, evaporation and sublimation were easily quantified by DSC curves. DSC thermograms of drug samples were obtained by using DSC 821e (Mettler Toledo, Switzerland) instrument, operating with STARe software, version 5.1, and equipped with an intracooler. The samples (3-10 mg) were
